Summary. -We propose a new, simple solution to the Ultra High Energy Cosmic Rays puzzle. The Electro-Magnetic Black Holes (EMBHs) are thought to be the GRB progenitors. EMBHs not reaching critical conditions have to discharge. ISM H atoms surrounding an EMBH can efficiently be ionized via Stark effect. Then free protons accelerate up to energies of 10 23 eV, while the EMBH discharges itself accreting electrons. This process lasts several years and accounts for the present observations, also explaining doublets and triplets of events.
In last ten years a large effort on determining the sources of Ultra High Energy Cosmic Rays (UHECR) has been carried on by several authors. These are the experimental facts: i) most energetic CRs are at 3 × 10 20 eV [1] ; ii) the spectrum shows attenuation effects for HiRes group [2] while does not for AGASA group [3] [4] [5] ; iii) the anisotropy of incoming CRs at energy over 10 19 eV is not relevant to any known source [6] ; iv) there is strong evidence of clustering of events (doublets and triplets) not related to any known source [5, 6] . Points iii) and iv) speak loud for a non-visible source, while point ii) seems to indicate that we have to handle UHECR data paying much attention to statistical fluctuations [7] . In order to extract best information from current data sample, we used a statistical approach in studying propagation of UHECR in intergalactic medium. The results, reported in fig. 1 , seem to favor a power law emission spectral index of 2.5, under the assumption of uniform source distribution and spectrum.
The expected GZK cutoff [8] constrains the research zone into few tens of Mpc. Fermi mechanism [9] was invoked to accelerate particles in Active Galactic Nuclei, especially in their large radio lobes [10] , in cluster shocks [11] , in galaxies with star burst [12] or in γ-ray bursts [13, 14] . Also dynamo models [15] were applied to rapidly rotating pulsars [16] and black holes [17] in order to achieve the energy of 3 × 10 20 eV measured by Fly's Eye [1] . Neither the one-shot acceleration nor dynamo effects could completely account for this enormous energy gain. Despite this effort, none of the identified objects seems to agree with observation, some of them being too far to avoid the GZK cutoff. This unkindness suggested to apply to a different field of Physics, such as Lorentz invariance violations [18] , neutrino annihilations and hadronization [19] , fragmentation of massive relic particles [20] . In the traditional scenario, the main difficulty, beside the GZK cutoff, is to determine the magnetic field which stands between the source and the Earth, in order to obtain the exact arrival direction of the cosmic ray, provided the general assumption that it is a charged particle. Recently it was shown [21] that only few spots in the sky may deflect a proton of 4 × 10 19 eV more than 5
• . This means that UHECR must point back to their source, but still nobody has found a collection of peculiar sources. Therefore one can say that UHECR sources are not luminous astrophysical objects, such as AGN, unless EMF be larger than expected so that almost all information about their origin is lost. These arguments moved us to search for a new kind of source, strictly connected with γ-ray bursts.
It is now clear that the source at the origin of GRBs is a compact object like a black hole. In the literature it is generally believed that collapsar or hypernovae are a possible source of these explosions. But recently a new candidate called EMBH has been developed by Ruffini et al. [22] [23] [24] [25] . On the other way, the UHECRs mystery is still unsolved. A tentative using the standard model of GRBs was proposed in 1995 by Waxman and Vietri [13, 14] . In this paper we propose a new model for UHECRs. The starting point is what is left after the burst in the EMBH model: a charged black hole with a very clean environment. In the first part we will show that it is possible to reach energy as high as 10 21 eV. The second paragraph is dedicated to the energy spectrum. Finally we will focus on the energy loss and the time duration of such source. The process lasts several years, and clearly explains the existence of doublets and triplets of events detected by AGASA [3] [4] [5] . So UHECR are further hints of EMBH existence.
The central engine of GRB in the EMBH model is the process of vacuum polarization around a charged black hole: this occurs only if the electric field exceeds the critical value E c = m 2 c 3 / e [26] . This field will produce a high-density plasma of pairs of electrons-positrons and photons. During the fast expansion of this plasma the temperature decreases and at a certain point it becomes optically transparent. This will produce the gamma-ray burst in the EMBH model. Therefore after the GRB emission the black hole is still charged in a very low-density environment. Then it will not discharged rapidly. However we expect to have a baryonic remnant, mainly constituted by hydrogen atoms, surrounding the dead star. This would be the reservoir for particles to be accelerated. Remnant atoms suffer the still large, but not critical, electric field so that protons and electrons separate in a Stark-like effect. If the EMBH charge is positive, the protons will be accelerated outward in very close time along a straight line, without undergoing a large energy loss effects due to Larmor radiation. So we may put a lower bound to the electric potential in order to ionize hydrogen atoms: into a distance of about a Bohr radius we should apply a ionization potential of 13.6 V. This means that we have to put E 2.5 × 10 11 V/m. Let us write down explicit formulas for constraints, remembering that ξ = Q/Q c , µ = M/M and r + = M + M 2 + Q 2 [22] . To have CR above 10 19 eV we need a potential
Stark ionization can occur only if electric field at the horizon is greater than the ionizing field, thus giving
If we need emission down to 10 19 eV, we have to satisfy the condition that the electric potential at the outer radius of the remnant is V (r 0 ) ≤ 10 19 V 19 V, then obtaining
In fig. 2 there are indicated the zones in the charge-to-mass plot which will produce UHECR. It is worth noticing that this kind of accelerator is almost free from energy losses, because the particle moves in straight lines along an electric potential, thus reducing the Larmor effect as indicated in [27] . The basic picture of this model implies the existence of a low-density baryonic remnant surrounding the dead star, either disposed as a disk or as a cloud. If we suppose that each remnant atom has the same probability of being ionized, we can extract an expected power law for the energy emission spectrum. So we determine the particle number N (R) in terms of radial distance. Under the assumption of radial symmetry, we have N = Rmax R0 4πr 2 ρ(r)dr, where ρ is the remnant number density. The particle energy gain goes as r −1 , i.e. the scaling of potential, so we can write for the spectrum
where ζ is a constant accounting for the efficiency of this process. On the other side, if we suppose that the remnant matter is disposed as a disk, (4) becomes
Following the classical article by Bondi [28] and further studies [29] , we see that ρ ∝ r 1/(γ−1) , where γ is the usual polytropic index. Then we can write for spectrum (4)
For a monoatomic gas γ has to be close to 5/3, then we would have a spectral index of about 2.5, in perfect agreement with present data information. Acceleration bottomup models suffer great amount of energy loss, mainly because of Larmor effect. Both Fermi acceleration model and dynamo model need to keep particles in the acceleration zone for long time. This can be achieved only by curved particle trajectories, so decreasing energy by radiation. In this model we have no magnetic field, then we do not expect curvature radiation. The equation describing Larmor losses in gravitational fields can be found in [30] but it is still under debate because of its causal problems, so we use the classical formula of Jackson [27] to get the gain-to-loss ratio in linear
dx). So losses would superate gains if energy increases as dE/dx ∼ 10
21 MeV m −1 . This is much greater than the critical field (E c 1.2 × 10 18 V/m), so we can say that these losses are not relevant. Taking the remnant density as that of the water, ionization losses for a nucleus of charge z are dE/dx = 0.25z 2 /β 2 GeV/m, with β = v/c, while bremsstrahlung losses are about 10 eV/m. Remembering that ISM density is about 10 −22 times water density, we can disregard these losses too. So far, the EMBH model is the less loss-dominated one, while other mechanisms have to pay great amount of energy to reach (difficultly) 3 × 10 20 eV. Let us evaluate the time duration under three simple assumptions: the matter density n 0 is constant inside the radius r 0 ; matter accretion from BH is stationary and has a characteristic time scale τ ; BH mass is constant during discharge. Then we write the variation of charge Q with time
where N 0 = 10 39 is the characteristic number of accelerated protons, r ion = 2.5×10 9 m is the order of magnitude for the outer ionization radius, n 0 = 10 6 m −3 is the ISM density. The solution is
The characteristic discharge time is ∆t = 3 × 10 Supposing all the protons are produced at 10 20 eV and restricting the volume inside 50 Mpc (GZK sphere), we obtain the energy density released by a single EMBH:
The number of protons accelerated by EMBH is N = 10 39 µξ. The flux incoming from a single source at 50 Mpc is
For instance it is sufficient to have few hundreds of black holes with µ = 10 3 and ξ = 10
within a GZK volume to account for present UHECR flux. This result does not depend on the process efficiency, because we exactly know how many particles have to be accelerated during the time ∆t. Of course we must add a duty time between the explosion of GRB and the emission of cosmic rays. We moved after the simple whole accepted information about UHECR, to look for a source agreeing with. Then we have found a simple mechanism in EMBH that can easily accelerate protons up to energy greater than 10 23 eV. This may produce also very highenergy neutrinos through pp interaction with ISM. EMBH can occur in all galaxy types, and the host has to be one of the galaxies near the trajectory of UHECR. The discharge process lasts several years, so that also clustering of events has its explanation. The spectral index fits very well with present observations also agreeing with other studies. Also the flux can be explained using few tens of sources within a GZK sphere. By now EMBHs are the best candidates to be the sources of UHECR. Next step is to use UHECR as a telescope for EMBH detection, also providing a possible glance on GRB remnants.
